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PILE LOADING TESTS 
MORGANZA FLOODWAY CONTROL STRUCTURE 


Charles and John Focht, 


SYNOPSIS 


comprehensive pile testing program was undertaken the site the 
Morganza Floodway control structure determine the size pile required 
carry the design compression and tension loadings without any significant 
movement. very compressible clay overlie sand the site the 
structure, attempt was made obtain the bearing capacity only the por- 
tion the piles penetrating into sand. This was accomplished testing dif- 
ferent size compression One pile each pair which was stopped 
above the top the sand was loaded obtain the resistance developed 
skin friction the clay. test second pile driven into the sand indicated 
the total supporting capacity both the clay and sand. The difference the 
capacities these two piles was then taken the tip capacity the pile 
driven into sand. Tension tests were made third pile the same size 
which was driven into the sand. The sizes the piles tested ranged from 
tapered pile with 8-in. tip 30-in. pipe pile. Details the loading ar- 
rangement and test procedures are described. 

From the results the tests 20-in.-diameter pile was selected carry 
the structure loads 100 tons compression and tons tension, with 
ample factor safety agairst both detrimental settlement and sudden plunging. 
was found that the skin friction developed both compression and tension 
piles clay was very nearly the shear strength the clay indicated un- 
confined compression tests. The bearing capacities the portions the piles 
sand, computed several different methods suggested for piles, showed 
reasonable agreement with the pile tests results. The pile capacities, com- 
puted dynamic pile-driving formulas did not, general, check the pile test 
results. 


Introduction 


The soil conditions the site for the Morganza Floodway control structure 
necessitated the use long piles driven through soft clay into sand depth 
approximately ft. the pile foundation for the structure would re- 
quired carry rather large loads both compression and tension with very 
little movement, was decided perform series pile loading tests de- 
termine the size pile required carry design load 100 tons without any 
significant settlement. The purpose this paper summarize the proce- 
dures used making the pile tests, give the types piles tested, and present 
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the results and conclusions obtained. Comparisons are also made test re- 
sults with values computed from various pile capacity formulas and from pile 
driving formulas. 


Description structure 


The Morganza Floodway control structure located about three miles 
northwest Morganza, Louisiana. The structure consist gated weir 
for control flood waters combined with railroad and highway crossing 
the floodway. The structure, approximately 4000 length, connected 
the guide levees the floodway combined embankments which carry the 
highway and railroad and serve portion the main-line levee system 
the Mississippi River. The pile foundation beneath the gated weir consists 
precast concrete piles driven sand batter. There are piles 
beneath each pier; battered upstream and downstream. 


Foundation conditions 


The soil conditions the structure site consist strata predominantly 
highly plastic clays about thick underlain sand. The clay strata have 
average water contents ranging from about per cent and liquid limits 
ranging from 100. 

Consolidation tests sampies clay from beneath the structure showed 
that the foundation very compressible and that piles driven sand would 
necessary support the structure. Existing embankments, high, near 
the structure have settled 2-1/2 ft. 

Unconfined compression and unconsolidated undrained triaxial compression 
tests undisturbed samples from the clay strata beneath the structure in- 
dicated over-all average cohesive shear strength 660 per for the 
foundation clays. Six unconfined compression tests remolded samples taken 
varying depths beneath the structure showed average remolded strength 
620 per ft. Thus, pile-driving operations were not expected influ- 
ence the shear strength the foundation clays appreciably. 

The sand underlying the clay strata uniformly graded fine sand com- 
posed subrounded subangular grains. Driving standard 1-3/8-in. I.D. 
split-spoon sampler with in. drop hammer showed the sand 
have average driving resistance about blows per ft. The relative den- 
sity the sand was about per cent. 


Purpose pile tests 


The purpose the pile loading tests was determine what size pile would 
required carry 100-ton compression load and what tension load that 
size pile would carry. All test piles were driven vertically for ease testing. 
Although the tip bearing capacity vertical piles probably somewhat greater 
than for the batter piles, the difference probatly does not amount more than 
per cent. Detailed reports these loading tests were prepared the 
New Orleans District, CE', and the Waterways Experiment Station’ Decem- 
ber 1949 and January 1950. 


Morganza Control Structure Pile Tests, New Orleans District, CE, New 
Orleans, La. 

Pile Loading Tests Combined Morganza Floodway Control Structure, T.M. 
3-308, Waterways Experiment Station, CE, Vicksburg, Miss. 
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General Test Procedures 


the clay overlying the sand very compressible, the compression tests 
were made such manner that the bearing capacity the portion the 
piles driven into the sand could evaluated. For the purpose simplicity, 
that portion the pile driven into sand hereafter called the ‘‘tip’’; the point 
and the sides the pile sand are both included this definition and both 
carry part the load. determine the bearing capacity the tip was 
necessary eliminate completely measure the frictional resistance de- 
veloped along that portion the pile the clay stratum. these tests the 
resistance developed the clay was determined testing the piles pairs. 
The frictional resistance the clay stratum was determined stopped 
about above the top the sand; the combined frictional resistance and 
tip capacity were determined from pile driven into the sand. Piles stopped 
clay are called ‘‘a’’ piles this paper, whereas piles driven into sand have 
been termed ‘‘b’’ piles. The tension piles also were driven into sand. all 
piles beneath the structure were loaded compression prior any ten- 
sion loading, all tension test piles were loaded with normal com- 
pression load prior testing tension. Holes were excavated each test 
pile location eliminate any skin friction material above the proposed base 
the structure. 


Types Piles and Driving Equipment 


The types and sizes piles tested compression locations along the 
length the structure are shown fig. and the following tabulation. 


Type Pile Size and Description 
Cylindrical pipe 3/8-in. wall thickness 


18-in., 24-in., 30-in. diameters 
1.5-ft, 1.9-ft, 2.4-ft long conical points 


Monotube, 
uniform tapered No. gage metal 
18-in. butt diameter, tapered in. 
8-in. diameter hemispherical tip 
Monotube, 
constant section No. and No. gage metal 
12-in. diameter, 9-in. long conical point 
Precast concrete in. square, point tapered in. 


tension test was conducted each pile with the exception the 30-in. diam- 
eter pipe pile and the precast concrete pile. 

The piles were driven skid-mounted, whirly-type driver with 82-ft 
leads. Vulcan No. hammer was used drive the 24- and 30-in. pipe piles 
and the 22-in.-square concrete piles. Vulcan No. hammer was used 
driving all anchor piles, the Monotube piles, and the 18-in. pipe piles. All piles 
were filled with concrete few days after driving. period weeks 
elapsed after driving before any loads were applied the piles. 


Compression Test Piles 


Load Arrangement 


The test piles were loaded jacking against concrete weights stacked 
platforms over the test piles shown fig. The platforms were supported 
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six timber piles row each side the test pile. The weights were 
precast concrete slabs and rectangular blocks weighing approximately 3.5 and 
tons, respectively. Hydraulic jacks seated fabricated steel pedestals 
placed top the test piles were used apply the loads the piles. The 
jacks used were two 200-ton, six 100-ton, and four 60-ton capacities. 


Loading procedure 


piles. The ‘‘a’’ piles, which were stopped clay, were loaded and 
tested failure prior loading the ‘‘b’’ piles which were driven into sand. 
general, loads were applied the piles 20-ton increments the rate 
1-1/2 tons per minute. Each increment was held until per cent the es- 
timated ultimate movement under that increment load had taken place, but 
not for longer than hours. Time-settlement curves were plotted during the 
tests estimate the ultimate settlement under each increment load. The 
80- and 160-ton loads were maintained for hours until movement prac- 
tically stopped, whichever period was longer. After completion the 40-, 
80-, and 160-ton loads and the end the test, the piles were unloaded and 
allowed rebound until per cent the estimated movement occurred, but 
not for periods longer than hours. Unloading and reloading were done 
the rate 1-1/2 tons per minute. All piles were loaded failure. 

piles. The piles, which were driven into sand, were loaded 
the same loading schedule used for the corresponding ‘‘a’’ piles. When the 
load was tons more than the maximum load the corresponding ‘‘a’’ pile, 
the load was removed and the pile allowed rebound. The pile then was loaded 
again and when the load became 100 tons greater than the maximum load the 
pile was held constant until practically all movement stopped. The load 
was then removed and the pile allowed rebound. Loading was then resumed; 
when the load reached 160 tons greater than the maximum load the pile 
the load was removed and rebound the pile permitted. Loading then was re- 
sumed load 200 tons more than the maximum load the pile. 
This load was maintained until movement had practically stopped which time 
was removed and the pile allowed rebound. All ‘‘b’’ piles except the 30-in. 
pipe pile were loaded This pile successfully carried 400 tons with- 
out failure. Rebound was allowed all piles the end the test. 


Measurement movement 


The movement the pile under load was measured means engineers 
level and dial deflection gages. The gages were mounted opposite sides 
the pile and measured the movement with reference concrete slabs 
away from the test pile. 


Test data 


Typical test data for compression piles C-4-a and C-4-b are shown graph- 


Load settlement curves. curve gross movement the pile head ver- 
sus pile load was developed from the test data each pile. The points repre- 
senting loads which were held for hours were given primary consideration 
drawing the curves shown fig. This procedure results curve 
which should represent (up the maximum load) the movement the pile head 
under sustained load, neglecting consolidation the clay foundation. 
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Net and elastic settlement curves. each test pile was allowed re- 
bound under load number times during the test, was possible de- 
termine the net and elastic settlement curves for each pile. The points repre- 
senting the net settlement remaining after allowing rebound and the amount 
elastic rebound are plotted for each rebound for each pile fig. and 


Tip-load curves. curve approximating the load carried the tip the 
pile (the portion the pile the sand) was computed for each pile 
subtracting any gross settlement the pile load from the ‘‘b’’ pile 
load. This method not exactly correct, the load carried friction pile 
not distributed the foundation the same way the load point bear- 
ing pile because, similar movements the top the pile, the distribution 
strain different along the two piles. However, other method de- 
veloping tip-load deflection curve from this type test was considered 
any more accurate. 


Pile failure loads 


The determination the ‘‘failure load’’ test pile usually arbitrary. 
Therefore, various procedures were utilized value for each pile. 
The methods used for selecting failure load for each compression pile were 
follow: 


Determine the load which produced net settlement 0.25 in. 


Determine the load indicated the intersection tangent lines the 
flatter portion the gross settlement curve and the steeper portion 
the same curve. 


inspection determine the load beyond which there was increase 
gross settlement disproportionate the increase load. 


Determine the load which the slope the net settlement curve four 
times the slope the elastic deformation curve. 


inspection determine the load beyond which there was increase 
net settlement the increase load. 


The results the analysis each test are given table with the average 
the five methods determinations. The average the five methods used 
all further analyses. The 30-in. pipe pile driven into sand, C-6-b, did not 
fail under maximum load 400 tons. However, failure load was estimated 
for this pipe extrapolating the settlement-load curve. 

Other procedures for determination the failure load for test pile which 
have been suggested the past are given building codes were discarded 
after preliminary trials. The methods not utilized are primarily for use with 
tests smaller piles under much lighter loads. 

There are significant differences the values indicated for any pile 
the five methods. pile test not heing performed under specific building 
code with definite method established for determination the failure load, 
appears desirable, and least helpful, average the results indicated 
several methods analysis. 


Average bearing capacity pile tip 


the piling was designed that the portion the pile the sand 
would carry the design load, the average relation the bearing capacity the 
pile tip the diameter the pile tip was determined. Two methods were 
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utilized compute the relation. the first the difference between the aver- 
age failure loads the and compression piles, listed table 
was taken the bearing capacity the tip the piles. The second 
method utilized the tip failure load determined inspection the tip load 
curve. The capacity the tip each pile determined each the 
two methods tabulated table and plotted versus the tip diameter 
fig. Each these methods indicates approximate straight-line relation 
between the tip load and tip diameter. Since the penetration into sand all 
piles was not the same, direct comparison was not possible with the approx- 
imately parabolic relationship between load and tip diameter indicated most 
bearing-capacity formulas for piles driven into sand foundations. 


Average skin friction clay 


The skin friction developed the compression piles stopped clay above 
the sand average failure loads was computed using the nominal diameter 
the piles and the embedded length the pile. The resulting values were 
follow: 


Diameter Pile Skin Friction 


Pile Type Pile Inches Lb/Sq 
730 
C-2-a tapered (tip) 694 
constant section 543 
C-4-a Pipe 524 
C-5-a Pipe 660 
C-6-a Pipe 650 
C-7-a Precast concrete (square) 589 

Average 630 


The average value 630 per checks closely the average shear strength 
660 per determined shear strength tests undisturbed sam- 
ples from the foundation borings. 


Required size pile 


The total capacity pile this site regards plunging into the ground 
the sum the capacities developed the clay skin friction and sand 
skin friction and point resistance. This capacity was measured the piles 
driven into sand, type pile sufficient circumference could driven 
which would not penetrate into the sand and yet would have adequate total 
capacity. However, under the sustained load, such pile would undergo con- 
siderable settlement due consolidation within the clay. The load pile 
driven into sand initially will carried large part skin friction the 
clay. However, the clay the site quite compressible, the clay will tend 
relieved almost all its supporting stress consolidation 
within the clay strata. the total load applied the pile greater than the 
capacity the portion the pile sand, the pile will not fail plunging but 
will settle appreciably due consolidation. Thus, guard against detrimen- 
tal settlements, the long-time capacity the piles was taken only the capac- 
ity the tip the piles sand. the basis the data shown fig. 
pile diameter in. was selected being adequate carry the design com- 
pression load 100 tons with factor safety approximately 1.5 against 
detrimental settlement, and factor safety approximately 3.0 against fail- 
ure plunging. Octagonal piles with minimum dimension in. were 
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used for lengths 100 ft; 20-in. square piles were used where lengths 
greater than 100 were required. 


Bearing capacity formulas 


The results the pile tests were utilized compute the indicated angle 
internal friction the sand, using methods that have been suggested for 
computing the bearing capacity piles deep piers. The basic methods used 
were: (a) the bearing capacity equation for cylindrical piers and piles, 
Terzaghi and (b) approach suggested Terzaghi for deep 
and (c) equation Jaky for (see fig. 8). Other methods were used 
preliminary analyses but were discarded they indicated absurd values. 
The angle internal friction the sand was computed each basic method 
and modifications thereof for each compression pile driven into sand using the 
indicated capacity the pile tip, less the skin friction the clay below the 
tip the ‘‘a’’ piles and the top sand, and the actual penetration the pile 
sand. determine the length penetration the pile into sand was 
assumed, from the nature the pile driving records, that when the driving 
resistance reached blows per the top the tapered point was the upper 
surface the sand. 

The angle internal friction the sand necessary give the corrected 
bearing capacity was obtained trial and error method using the formulas 
given fig. 


Indicated friction angle sand The internal friction the sand 
computed from the corrected tip load carried each ‘‘b’’ pile listed 
With the exception Method the analyses show that the friction 
angle the sand between 30° and 35° the average. This the range 
the friction angles usually obtained for this type sand. 


Discussion 


The computed angle friction the sand about the same, wheth- 
computed from Method Method ‘‘E’’, neither which take credit 
for any skin friction the sand, from Methods and ‘‘D’’ which assume 
skin friction the sand against the pile acting. believed that 
skin friction the sand the pile will carry some the tip load, Method 
and appear the most logical for estimating the tip bearing ca- 
pacity piles driven into sand. 

usual assumption for the shear strength sand 30°. Using this 
value, the bearing capacities various size piles driven into sand with 
overburden have been compvted using the methods given fig. and 
are shown curves fig. The measured tip bearing capacities the piles, 
adjusted the same conditions assumed for computation the curves are also 


and Peck, “Soil Mechanics Engineering (New York: 
John Wiley and Sons, 1948), pp. 176-177. 

Karl Terzaghi, ‘‘Theoretical Soil Mechanics,’’ (New York: John Wiley and 
Sons, 1934), 134, and discussion Casagrande and Fadum 
paper, ‘‘Application Soil Mechanics Designing Building Foundations,’’ 
Transactions, American Society Civil Engineers, vol. 109 (1944), 430. 

Jaky, the Bearing Capacity Piles,’’ Proceedings Second Inter- 


national Conference Soil Mechanics, vol. 102. 
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shown this figure. From the data presented appears that Method 
(Terzaghi and Peck) and Method ‘‘D’’ (Jaky) fit the test data reasonably well. 


Tension Test Piles 


Load arrangement 


The tension piles were loaded jacking against six timber anchor piles 
row each side the pile. 8-in. I-beam was embedded about into 
the concrete filling the pile shell make the tension connection shown 
fig. 10. Two 100-ton hydraulic jacks were used apply load the test piles. 


Loading procedure 

Compression loading. the piles beneath the structure will subjected 
compression load prior any tension load, piles T-1, T-2, T-4, T-5, and 
T-6 were subjected compression load tons, and pile T-3 load 
tons prior testing tension. The loads were applied the rate 1-1/2 
tons per minute and were maintained for hours, after which the loads were 
removed the rate 1.0 ton per minute. 


Tension loading. The pull was the test piles 8-ton increments 
the rate 1.0 ton per minute. Each increment was maintained until per 
cent the estimated movement the top the pile had taken place, but for 
not more than hours. Loads 24, 72, and tons were maintained for 
hours until movement practically stopped, whichever was longer. The 48- 
ton load was held for hours all piles except T-5; the 48-ton load pile 
T-5 was held for days (168 hours). After completion the 24, 48, 72, and 
ton loads pile T-5 and the end the test, rebound was allowed until 
per cent the estimated movement had occurred, for longer than 
hours. Unloading and reloading were done the rate 1.0 ton per minute. 
All piles except T-5 and T-6 were loaded failure; the limit the loading 
equipment was reached before these two piles could failed. 


Test data 
Typical test data for tension pile T-4 are shown graphically fig. 11. 


Load-rise curves. curve gross movement the pile head was devel- 
oped from the test data each pile. drawing the curves shown fig. 12, 
the points representing loads held for hours were given primary considera- 
tion. Thus the resulting curve should represent (up the maximum load) the 
movement the pile head under sustained load (neglecting expansion the 
clay foundation). The true shape the curve after the maximum load not 
definitely known and therefore the curves beyond the maximum load are dotted. 
attempt was made extrapolate the remainder the curves for piles T-5 
and T-6 which were not failed, most the other piles failed rather suddenly. 


Pile failure loads 


studying the load-rise curves fig. 12, two different conditions fail- 
ure were considered. The first that the rise the piles during loading 
would such have detrimental effect the structure. gross rise 
0.25 in. was taken the limiting criterion for this condition which was 
used determine the allowable tension load. The second condition the com- 
plete failure the pile under load, causing reduction the ability the pile 
carry the load. The failure load for the second condition was determined 
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inspection the gross and net rise curves for the load beyond which there 
was increase deflection disproportionate the increase load. The 
second condition was used determine the average tension skin friction 
the clay. The results the analysis each test are presented table 


Average load capacity 

the embedded lengths varied somewhat, the loads which produced 
gross rise 0.25 in. were corrected embedded length assum- 
ing that the tension capacity was directly proportional the length. These 
corrected values, listed table are total loads applied the head the 
pile. These loads are also plotted against the average pile diameter fig. 13. 
The tapered Monotube pile was plotted diameter in., the average 
the tip and butt diameters, which were and in., respectively. The average 
line drawn through the points indicates that 20-in.-diameter round pile 
long can carry the design tension load tons with factor safety ap- 
proximately 4.5. 


Average skin friction clay 


not possible compute directly from the test data the tension piles 
the skin friction developed the clay. The tension piles were driven into the 
sand, and the sand should have materially different skin friction the pile 
than the clay. The total force carried the clay was computed subtracting 
from the pile failure load determined inspection the net curve the buoyant 
weight the pile and the total force developed friction the sand, assum- 
ing coefficient earth pressure 1.0 and angle internal friction the 
sand 30°. The unit skin friction the clay was computed fmm this correc- 
ted failure load, using the embedded length the clay and the nominal diameter 
the pile. The resulting values are tabulated table For purpose com- 
parison the skin friction determined from adjoining compression piles 
also shown table piles T-5 and T-6 were not loaded failure, the 
skin friction values listed for them were the values developed under the max- 
imum load. The average skin friction shown table was based the re- 
sults from piles T-1 through T-4. From the data table concluded 
that the skin friction developed either tension compression pile the 
Morganza clay failure fairly close the average strength the founda- 
tion clays indicated unconfined and unconsolidated undrained triaxial 
compression tests. 

The fact that the tapered Monotube pile T-2 indicated the highest skin fric- 
tion not believed highly significant, because the variations skin fric- 
tion indicated the various types piles could due variations soil 
strengths and not necessarily characteristics the piles. From the one 
test made appears that the site tested pile with small taper, such 
in. for piles C-2 and T-2, will respond loading either tension 
compression manner similar pile constant with the same 


average diameter. 


Dynamic Pile Driving Formulas 


Formulas investigated 

Six dynamic pile driving formulas were used compute the capacity the 
compression piles driven into sand. These formulas given below include 
the intended factors safety indicated. The symbols used are grouped 
after the formulas. 


a 
“4 

a 


Engineering- News 2Wh 
Canadian National Building 
W+P 
0.0001) 
Pacific Coast Uniform 


coefficient; 0.25 for steel piles; 
0.10 for all other piles 


F.S. recommended Pacific Coast Code 


average cross-sectional area driven parts in. 


coefficient restitution; 0.5 for ram striking steel anvil steel 
concrete piles; 0.4 for ram striking steel anvil containing wood cush- 
ion 


modulus elasticity pile material 

set per blow in. 


The Canadian National Building Code and the Pacific Coast Uniform Building 
Code are modifications the Hiley formula. was not possible use the 
Hiley formula, the rebound the pile during driving was not measured. The 
driving data the piles stopped above the sand (‘‘a’’ piles) were not used 
compute the indicated capacity the driving formula. usually accepted 
that pile-driving formulas are meaningless for friction piles driven clay. 
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Relation formulas test results 


The driving resistance for the last full in. penetration was used each 
formula compute the design capacity each the compression piles driven 
into sand. These values are given table together with certain computed 
ratios formula capacity test capacities. appears general from the 
data presented that the pile-driving formulas did not give capacities which 
checked either the total tip capacity the test piles the site the Mor- 
ganza floodway control structure. The only good agreement obtained was be- 
tween the ‘‘ultimate capacity’’ computed from the Pacific Coast formula 
and the tip test capacity.’’ connection with the average ratios 
shown table pointed out that formulas which give ratios greater than 
are the radical side, whereas formulas which give ratigs less than are 
the conservative side. The ultimate capacity indicated Engineering- 
News formula and its modifications and Eytelwein formula were considerably 
more than either the total capacity the pile the capacity the tip alone 
(ratios 1.5 4.0). The formulas the Canadian National and the Pacific 
Coast Uniform Building codes indicated conservative ultimate capacities, 
the ratio code capacity test capacity ranged from 0.4 1.0. 


Summary 


Piles with minimum diameter in. were recommended for the foun- 
dation the structure carry load 100 tons with little settlement. 
Octagonal piles were used for lengths 100 ft, and square piles were used 
for lengths greater than 100 ft. 

The skin friction that can developed friction pile the clay this 
site nearly the same tension compression, and approximately 
equal the average strength the clay indicated unconfined compres- 
sion and unconsolidated-undrained triaxial compression tests undisturbed 
samples the clay. 

The average angle internal friction the foundation sand into which the 
piles were driven estimated from analysis the pile loading test data 
between 30° and 35°, which values are considered reasonable for this type 
sand. 

Method Terzaghi and Peck, and Method Jaky, are believed the 
most reasonable theoretical methods those considered for use estimating 
the capacity pile tip driven into sand, that they allow credit for the fric- 
tional resistance the sand along the side the tip. All methods considered 
are rather empirical and, while useful for estimating purposes, they should 
not replace load tests. This borne out the scattered results and lack 
complete agreement the pile tests with the capacities indicated theoret- 
ical methods. 

general, capacities piles computed the various dynamic pile-driving 
formulas tried did not check either the ultimate total test load ultimate tip 
load, the design total tip loads. 


Conclusions 


Skin friction that can developed friction pile clay this area may 
estimated satisfactorily using the average strengths indicated uncon- 
fined unconsolidated-undrained triaxial compression tests undisturbed 
samples the clay. 
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reasonable estimate the bearing capacity pile driven into deep, 
relatively dense sands may made using either Method and 
average angle internal friction the sand 30°. The results obtained 
should used only for estimating purposes. 

The use dynamic pile-driving formulas not warranted for long, large- 
diameter piles heavily loaded. 
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Table 


ADJUSTED TIP FAILURE LOADS 


Tip Corrected Adjusted 


Failure Tip Failure Tip 
Load Load Load 


Size and Type Tons Tons Tons 


pipe 185 176 160 


3-in. tip Monotube 
Tapered 


Monotube 
constant section 


pipe 
pipe 
30-in. pipe 
square 
precast concrete 
Tip load determined inspection tip load curve. 


Correction made loads indicated tip load curves basis 
greater length clay piles than "a" piles. 


Adjustment corrected loads made penetration into 
and depth point using equation. 


(1) 
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Table 


INDICATED INTERNAL FRICTION SAND 


Terzaghi Jak; 
Pile Size and Type 
constant section 
precast concrete 


Note: Strength computed from indicated tip failure loads less the skin 
friction the clay below the bottom the pile and the top 
the sand 
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Table 


CORRECTED SKIN FRICTION CLAY 


TENSION TEST PILES 


Skin Compression Skin 
Pile Size end Type Friction 


pipe 


tip Monotube 
tapered 
pipe 
pipe 651 659 


Average 


Average tension and compression tests 


Average based piles through 


Average skin friction piles C-l-a through C-7-a 630 ft. 


Average cohesive strength foundation clays determined 
unconfined and quick triaxial tests 660 ft. 
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LOAD IN TONS 


GROSS SETTLEMENT 
ELASTIC DEFORMATION 
NET SETTLEMENT 
—-—— TIP LOAD 


SETTLEMENT IN INCHES 


24-IN PIPE PILE 
TIP IN. SAND 


LOAD IN TONS 


C-3-e 


TIP 6-in. TIP 12-IN. MONOTUBE 
MONOTUBE TAPERED PILE MONOTUBE TAPERED PILE CONSTANT SECTION PILE 
TIP IN CLAY TIP IN SAND TIP IN CLAY 


LOAD IN TONS 


INCHES 


SETTLEMENT IW 


12-IN. MONOTUBE 16-IN. PIPE PILE PIPE 
CONSTANT SECTION PILE TIP CLAY TIP 
TIP SAND 


Figure Load settlement curves, piles C-1 thru C-4 


of 100 150 200 9 0 00 180 200 250 0 = ; 
& 100 90 180 200 100 0 200 00 ¥ 
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In TONS 


SETTLEMENT IN INCHES 


PIPE PILE PIPE PILE 
TIP CLAY TIP 


GROSS SETTLEMENT 
ELASTIC DEFORMATION 
NET SETTLEMENT 

Tw LOAD 


PIPE PILE PIPE PILE 


LOAD IN TONS LOAD IN TONS 
100 


SETTLEMENT IN INCHES 


C-?-«e 


22-IN. SQUARE SQUARE 
PRECAST CONCRETE PILE PRECAST CONCRETE PILE 


TIP IN CLAY TIP IN SAND 


Figure Load settlement curves, piles C-5 thru C-7 
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Method Terzaghi 
unit weight soil 
Method 
Method 


Method Jaky 

Method Jaky 


clay corrying 
ground surface. 

pile into sond 
pile 

Skin friction pile 


Nofes: 


Method the equation for 
cylindrical and piles given 
and Peck Mechanics 


method 


suggested 
Trans., ASCE, vol. 
430. 


method 


Figure Theoretical bearing capacity pile driven into sand 
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Notes: 
Failure loads from load curves corrected 


for length piles clay and 
adjusted toa penetration into sand and 

Curves computed equations figure for 
depth the point. 


that computed fora penetration into 


Tip lood for pile bosed 
lotion gross curve. 


TIP LOAD TONS 


DIAMETER PILE TIP INCHES 


Figure Adjusted tip bearing capacity 
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PILE SETTLED 0 040° UNOER TONS PILE SETTLED 0104" UNDER TONS 
COMPRESSION ANO REBOUNDED 0 047" COMPRESSION AND REBOUNDED 0085" 
WHEN (OAD MELEASED WHEN LOAD RELEASED 


ELASTIC 
NET 


PIPE PILE - TIP IN SAND TIP MONOTUBE TAPERED PILE -TIP IN SAND 

SETTLED 0 008" PILE SETTLED 0 076" UNDER 85 TONS 


UNOER TONS COM- COMPRESSION REBOUNDED 0 071" 
PRESSION AND ME BOW WHEN RELEASED 
0 064" WHEN LOAD 
ME LEASED < 


12-1N MONOTUBE CONSTANT SECTION PILE - TIP IN SANO '6-IN PIPE PILE - TIP IN SAND 


PILE SETTLED 0051" UNDER 85 TONS SETTLED 0.069" UNDER TONS 
COMPRESSION AND REBOUNDED 0 04/" COMPRESSION AND REBOUNDED 0 049" 
WHEN (OAD MELEASEO _ WHEN LOAD MELEASED 


00 20 
LOAD iN TONS 


T-5 


PIPE PILE TIP SAND 24-IN PIPE PILE -TIP IN SAND 


Figure 12. Load rise curves-piles T-1 through T-6 
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Figure 13. Average tension capacity 
324-31 
Ne 


e 
100 


